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DIRECI‘ MEMORY ACCESS METHOD AND 
~MEMORY CONTROL APPARATUS 

This application is a continuation of application Ser. 
No. 07/ 574,054, ?led Aug. 29, 1990, which is now aban 
cloned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a direct memory 

access method and a memory control apparatus, com 
prising an N-bit counter and an address generating 
means for multiplying 5N with an address value of a 
transfer source or destination memory to generate a 
direct memory access reference address, for performing 
direct memory access of the transfer source or destina 
tion memory having a capacity of at least 2” words. 

2. Description of the Related Art 
In a conventional facsimile apparatus having an 

image storage memory, a method of transferring a large 
volume of image encoding data from an encoder to the 
image storage memory or from the image storage mem 
ory to a decoder is preformed by a method of sequen 
tially transferring data in units of words using a general 
purpose direct memory access (to be referred to as 
“DMA” hereinafter) control LSI chip. I 
FIG. 5 is a block diagram of a typical DMA control 

ler. 
In FIG. 5, reference numeral 201 denotes an arithme 

tic processor (CPU) for controlling a system; 202, a 
DMA controller (DMAC) for performing DMA con 
trol including address value control executed when 
encoding data is DMA-transferred between an en 
coder/decoder 206 and a storage memory 207; 203, a 
reader for performing an original reading operation, 
and outputting binary pixel data of the read original 
image; 204, a memory for temporarily storing the binary 
pixel data; 205, a recorder for printing out the input 
binary pixel data on, e.g., a thermal recording sheet; 
206, the encoder/decoder for receiving and encoding 
pixel data from a bus B and outputting the encoded data 
onto a bus A in an encoding mode, and for receiving 
and decoding encoded data from the bus A and output 
ting the decoded pixel data onto the bus B in a decoding 
mode; and 207, a storage memory for storing a large 
volume of encoded data. Reference symbols a1 and a2 
denote a bus request signal for mediating the right of use 
of the bus A between the CPU 201 and the DMAC 202 
and a response signal for the bus request signal a1; b1 
and b2, a DMA request signal from the encoder/de 
coder 206 to the DMAC 202 and a response signal for 
the request signal b1; and C, an address signal for the 
storage memory 207, which is output from the CPU 201 
in a normal operation, and is output from the DMAC 
202 during a DMA operation. 
Note that FIG. 5 is a schematic view illustrating only 

portions necessary for showing a flow of image data. 
In the conventional facsimile apparatus with the 

above arrangement, when read data is stored in the 
storage memory 207, the read data from the reader 203 
is stored in the memory 204. 
The encoder/ decoder 206 sequentially generates en 

coded data using data in the memory 204, and DMA 
transfers the encoded data to the storage memory 207. 

In contrast to this, when image data stored in the 
storage memory 207 is printed, printing data from the 
storage memory 207 is DMA-transferred to the en 
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2 
coder/decoder 206. Image data decoded by the en 
coder/decoder 206 is temporarily stored in the memory 
204. The recorder 205 receives the image data from the 
memory 204. 
With these operations, a memory storage operation of 

read data and a print-out operation of storage data are 
performed. 
However, when the time required for DMA-transfer 

ring encoded data to the storage memory 207 per line 
continuously exceeds the time required for reading 
one-line data of the reader 203, an empty area of the 
memory 204 is used up, and the read operation must be 
temporarily interrupted. 

In a recording operation, when the time required for 
DMA-transferring data to be decoded per line from the 
storage memory 207 to the encoder/decoder 206 ex 
ceeds the time required for the recorder 305 to print out 
one-line data, the memory 204 becomes completely 
empty, and there is no decoded data to be printed in the 
memory 204. For this reason, the print operation must 
be interrupted. 
For these reasons, a long operation time is required, 

resulting in an inefficient operation. 
In general, when image data is encoded by a modi?ed 

Huffman code (to be abbreviated to as an “MH code” 
hereinafter) used in the facsimile apparatus, a data vol 
ume as a result of encoding is compressed to a fraction 
or less of original image data in most cases. 
However, in a speci?c image pattern, a data volume 

of an encoded result is increased to several times an 
original image data length. In the worst case, a data 
volume of an encoded result may be increased to about 
six times an original image data length. 

In recent years, many special-purpose LSIs for per 
forming encoding/decoding processing of “MH and 
MR codes” are commercially available, and en 
coding/decoding processing itself can be executed at a 
very high speed. 
However, since an encoded data volume is increased 

in a data transfer operation of the above-mentioned 
speci?c image pattern, even if DMA-transfer capable of 
performing high-speed data transfer is performed, a 
long time is required to transfer encoded data for one 
main scan line. 
As processing speed of the encoder/decoder is in 

creased, DMA data transfer must be performed more 
frequently, and the occupation ratio of the system bus 
by DMA is increased. For this reason, other processing 
operations are apt to be delayed for the entire facsimile 
system. 
For these reasons, even in a conventional facsimile 

system using a special-purpose LS1 capable of high 
speed encoding/decoding processing, an encoded data 
length per line considerably varies depending on its 
image pattern. When original read data is stored in the 
image memory after MH or MR encoding, or when 
data in the image memory is decoded and printed, if an 
image pattern has a high density, a time required for 
transferring the corresponding encoded data undesir 
ably exceeds a one-line processing time of the reader or 
the recorder. 

Therefore, a feed operation in the sub-scan direction 
must be inevitably intermittently performed. 
The intermittent sub-scan driving operation delays 

the read and recording operations. 
This also causes an increase in noise in the driving 

operation, and feed nonuniformity in the sub-scan direc 
tion. As an image pattern has a higher density, a higher 
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resolution is required. However, image quality is de 
graded due to the feed nonuniformity. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the 
above-mentioned problems. 
More speci?cally, it is an object of the present inven 

tion to provide a direct memory access method and a 
memory control apparatus, which are best suitable for a 
high-image quality facsimile apparatus which can 
shorten a time required for data transfer between a 
storage memory and an encoder/decoder as compared 
to a main scan time for one line by a reader and a print 
out time for one line by a recorder, allows efficiently 
high-speed, equal-speed read and printing operations, 
and is free from feed nonuniformity. 
As means for achieving the above object, a memory 

control apparatus of the present invention comprises the 
following arrangement. 
More speci?cally, the memory control apparatus 

comprises a transfer source or destination memory hav 
ing a capacity of at least 2N words, an N-bit counter, 
address generating means for multiplying a” with an 
address value of the transfer source or destination mem 
ory to generate a DMA reference address, and DMA 
control means for multiplying 2N with the DMA refer 
ence address generated by the address generating means 
to generate a DMA address which includes a counter 
value of the N-bit counter as lower N bits, and repeating 
data transfer 2N times while incrementing the N-bit 
counter for each data transfer. 
With the above arrangement, data transfer of 2N 

words can be performed in one cycle, and high-speed 
efficient DMA transfer can be achieved. 
For example, in an embodiment of the present inven 

tion, in an address controller, in the DMA control 
means, for outputting address data supplied from, e.g., a 
system as row and column addresses from an upper bit 
side to a storage memory such as a dynamic RAM 
(DRAM) constituting the transfer source or destination 
memory, the address data are output in the above-men 
tioned arrangement in a normal memory access mode. 
In only a DMA operation mode, an input address value 
is multiplied with 2" to generate an output address 
value, and values from “0” to “2"— l” are automatically 
and sequentially output as lower 11 bits, i.e., lower 11 bits 
of the column address. During this interval, the system 
is requested to prolong one bus cycle. 

Peripheral sections as objects of DMA transfer have 
a data buffer corresponding to at least 2'1 words. A 
peripheral section for outputting data to the memory 
outputs a DMA request after at least 2" data are present 
in the buffer. A peripheral section for receiving data 
from the memory outputs a DMA request when the 
buffer has an empty area corresponding to at least 2" 
data. These peripheral sections are arranged to output 
or receive 2’1-word data in accordance with a timing 
signal which is output from an address controller in 
synchronism with a change in lower n-bit address. 

Thus, access by the above-mentioned high-speed 
page mode is allowed. 
As a result, a time required for transferring 2" words 

can be considerably shortened as compared to a case 
wherein conventional DMA transfer of one word per 
bus cycle is executed. 

Since a time interval between adjacent DMA re 
quests is prolonged, a throughput of the system can be 
improved. 
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4 
In the above-mentioned control, a setup value of a 

DMA address for a DMA controller must be a value 
obtained by multiplying Q" with a target address value. 
Other features and advantages of the present inven 

tion will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same or 
similar parts throughout the ?gures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a facsimile system having 
a storage memory according to an embodiment of the 
present invention; 
FIG. 2 is a block diagram of a memory control unit in 

this embodiment; ' 
FIG. 3 is a chart showing the relationship between 

system addresses and address values given to the stor 
age memory in this embodiment; 
FIG. 4 is a timing chart for explaining an operation of 

this embodiment; and 
FIG. 5 is a block diagram showing a conventional 

facsimile system having a storage memory. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[Embodiment] 
An embodiment of the present invention will be de 

scribed hereinafter with reference to the accompanying 
drawings. 
FIGS. 1, 2, and 3 show an embodiment of the present 

invention. 
In this embodiment, a 512KB dynamic RAM 

(DRAM) is used as a storage memory, and a data bus is 
l6-bits wide. 
In the system of this embodiment, four-word (n=2) 

data are transferred‘ during one DMA cycle. ' As a 
DRAM access method in a DMA mode, a high-speed 
page mode is used. ' 

This embodiment will be described in detail below. 
FIG. 1 is a schematic block diagram of the system of 

this embodiment, and the same reference numerals in 
.FIG. 1 denote the same parts as in FIG. 5. 

In FIG. 1, reference numeral 301 denotes a central 
processing unit (CPU) for controlling the overall em 
bodiment; and 302 a DMA controller (to be referred to 
as a “DMAC” hereinafter) for acquiring the right of use 
of a bus from the CPU 301 in response to a DMA re 
quest from'a connected I/O device, e. g., an encoder/de 
coder (peripheral section), outputting a enable signal to 
the DMA requesting peripheral section, and outputting 
a memory address as a transfer object in place of the 
CPU 301. 

Reference numeral 303 denotes a reader for perform 
ing an original reading operation and outputting read 
binary pixel data; 304, a buffer memory for temporarily 
storing the binary pixel data; 305, a recorder for print 
ing out the input binary pixel data on, e.g., a thermal 
recording sheet; and 306, an encoder/decoder having a 
buffer of 4 words or more in a data input/output section 
with a bus A. The encoder/ decoder 306 receives binary 
pixel data from a bus B in an encoding mode, and out 
puts encoded MH or MR codes onto the bus A. In a 
decoding operation mode, the encoder/decoder 306 
performs an operation opposite to that described above. 

Reference numeral 307 denotes a storage memory 
(also referred to as a transfer source of destination mem 
ory) having a capacity of 256 Kbitsx 16 bits; and 308, a 
memory control unit for generating various control 
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signals (e.g., RAS, CAS, a multiplexed address bit, and 
the like) for accessing the storage memory 307 used as 
the DRAM, and generating a multiplex address to be 
output to the DRAM (storage memory 307) in a DMA 
access mode. The memory control unit 308 comprises a 
2-bit counter 106, generates a DMA address obtained 
by multiplying 4 (22) with an input address value, and 
outputs values “0”, “1”, “2”, and “3” as a count value of 
the 2-bit counter 106 in lower 2 bits which become “0” 
as a result of multiplication. 

Reference symbols a1 and a2 denote signals for medi 
ating the ‘right of use of the bus between the CPU 301 
and the DMAC 302 as described above; b1, a DMA RQ 
signal as a DMA request from the encoder/decoder 
306; b2, a DMA AK signal as a DMA operation enable 
signal; b3, a signal for requesting the DMAC 302 to 
prolong a DMA cycle until transfer of four words is 
completed upon execution of a DMA operation; d, a 
signal indicating a timing for outputting four-word data 
to a bus when encoded data is output from the encoder 
of the encoder/decoder 306 or when the decoder re 
ceives encoded data; C, an address signal including 
address signal pulses (A0) to (A19) and a signal indicat 
ing validity/ invalidity of odd address data (upper bytes) 
in correspondence with a l6-bit bus width; D, a 9-bit 
multiplexed address signal for the storage memory 307; 
and E, a status signal for the storage memory 307. The 
status signal includes: 
A row address strobe signal (m), a column address 

strobe signal (CAS(H)) for an odd address, a column 
address strobe signal (CAS(L)) for an even address, and 
a write enable signal (WE) for the memory. 
An operation of this embodiment with the above 

arrangement will be described below with reference to 
a case wherein encoded data- is stored in the memory. 
The encoder/decoder 306 performs MH or MR cod 

ing of pixel data stored in the memory 304 to generate 
4-word encoded data. The encoder/decoder 306 then 
issues a DMA request by the signal bl to the DMAC 
302. 
The DMAC 302 requests the right of use of the bus to 

the CPU 301 by the signal a1. When the CPU 301 per 
mits the use of the bus by the signal a2, the DMAC 302 
signals start of a DMA operation to the encoder/de 
coder 306 and the memory control unit 308 by the sig 
nal b2, and outputs a memory address as a DMA object 
onto a 20-bit address bus. 
The memory control unit 308 normally outputs (A18) 

to (A10) of the system address bus C as a row address 
signal of multiplexed address bits (AX9) to (AX1) to the 
storage memory 307. However, when the memory con 
trol unit 308 recognizes based on the signal b2 that a bus 
cycle is in a DMA operation mode, it outputs (A16) to 
(A8) of the system address bus C as a row address sig 
nal. 
At the same time, the memory control unit 308 out 

puts the signal b3 for requesting the DMAC 302 to 
prolong a bus cycle than a hormal cycle. 
With the above-mentioned control, (A16) to (A8) are 

supplied as a row address of the storage memory 307. 
Then, as a column address, (A7) to (A1) of the ad 

dress bus C are output for (AX9) to (AX3) of the ad 
dress bus D, and “0” is output for (AX2) and (AX1). In 
this state, negative pulses are output as CASH and 
CASL signals, thereby executing a DMA operation for 
a RAM area on addresses given by: 
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{(value of address bus C)X4}+0 and + 1 (since word 

transfer is performed in this embodiment, even 
/odd addresses are equal to each other). 

The 2-bit counter 106 is incremented to change only 
(AX1) from “O” to “l”, and a sync signal is output by 
the signal d to the encoder/decoder 306 to output the 
next data word. Negative. pulses are then output as the 
CASH and CASL signals again. In this case, a DMA 
operation is executed in turn for a RAM area on ad 
dresses given by: 

{(value of address bus C)><4}+2 and +3 
Similarly, operations with (AX2, AX1)=(l, O) and 

(AXZ, AX1)=(1, l) by sequentially incrementing the 
2-bit counter 106 are repeated to execute DMA opera 
tions for RAM areas corresponding vto address values 
given by: 
{(value of address bus C)><4}+4 and +5 
{(value of address bus C)><4}+6 and +7 
FIG. 2 shows a detailed arrangement of the memory 

control unit 308 shown in FIG. 1. 
In FIG. 2, reference numeral 101 denotes a controller 

for rec’eiving various status signals 10 to 12 from the 
system, outputting a row address strobe signal m (1f) 
necessary for the DRAM as the storage memory 307, 
column address strobe signals CASL (1h) and CASH 
(1g) for DRAM areas corresponding to even and odd 
addresses, and controlling between these signals, and 
multiplexed address bits AX9 to AX1 (1p); 102, a gate 
circuit for outputting system address bits A18 to A10 as 
row address outputs to the multiplexed address bits 
AX9 to AX1 (1p) in an access mode other than a DMA 
mode; 103, a gate circuit for outputting system address 
bits A9 to A1 as column address outputs to the multi 
plexed address bits AX9 to AX1 (1p) in an access mode 
other than the DMArnode; 104, a gate circuit for out 
putting system address bits A16 to A8 as row address 
outputs to AX9 to AX1 (1p) in the DMA operation 
mode; 105, a gate circuit for outputting system address 
bits A7 to A1 as a column address to the multiplexed 
address bits AX9 to AX3, and outputting outputs from 
the 2-bit counter 106 to the multiplexed address bits 
AX2 and AX1; 106, the 2-bit counter for counting a 
signal 1m as a clock output from the controller 101 in 
only the DMA operation mode; 1a, a DMA enable 
signal which goes to logic “0” level in a bus cycle of the 
DMA operation; 1b, a signal indicating a read or write 
cycle to the storage memory 307; and 10, a system ad 
dress bit A19. In this embodiment, when A19=l, the 
512KB storage memory is selected. Reference numeral 
1d denotes a signal which goes to “0” when lower 8 bits 
of the 16-bit data bus are valid. Only when the signal 1d 
is “O”, the signal CASL (1h) is enabled. 
Reference numeral 1e denotes a signal which goes to 

“0” when upper 8 bits of the 16-bit data bus are valid 
contrary to the signal 1d. Only when the signal 1_e is “O”, 
the signal CASH (1g) is enabled. Reference numeral if 
denotes a row address strobe signal indicating that the 
multiplexed address bits AX9 to AX1 de?ne a row 
address; 1g, a column address strobe signal for activat 
ing upper bytes (odd addresses) of the storage memory 
307; 1h, a column address strobe signal for activating 
lower bytes (even addresses) of the storage memory 
307; 1j, a write enable signal which goes to “0” when 
data is written in the storage memory 307; and 1k, a 
strobe signal indicating a data switching timing to a 
peripheral section (e.g., the encoder/decoder 306) 
which serves as a transfer destination in the DMA trans 
fer mode. Three pulses of the strobe signal 1k are output 
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during one DMA cycle. Reference numeral 1] denotes a 
timing signal for changing an address to be output to the 
multiplex address outputs AX9 to AX1 between row 
and column addresses. When the signal ll is “0”, ad 
dress data to be a column address is output. Reference 
numeral 1m denotes a clock signal for incrementing the 
2-bit counter for changing lower 2 bits AX2 and AX1 of 
the column addresses to be (0, 0), (O, l), (l, 0), and (1, 1) 
during one DMA cycle. 
FIG. 3 shows the relationship among the system 

addresses and the row and column addresses output to 
the storage memory 307 in this embodiment. 

In FIG. 3, reference symbols A18 to A0 denote ad 
dress input signals bits; UBE, an upper byte enable 
signal; AX9 to AX1, DRAM multiplexed address signal 
bits; RA9 to RAl, DRAM row address signal bits; CA9 
to CA1, DRAM column address signal bits; CASH, an 
upper byte DRAM CAS signal; and CASL, a lower 
byte DRAM CAS signal. 
The operation of FIG. 2 described above will be 

described below with reference to the timing chart of 
FIG. 4. 

In a normal memory access mode other than the 
DMA mode, the system address bit A19 (cl) is set to be 
“1” to signal that normal access of the storage memory 
207 is performed in this bus cycle. At this time, since the 
signal DMA AK (1a) is kept at “l”, the system address 
bits A18 to A10 as a row address are output to the 
multiplexed address bits AX9 to AX1. 
When the signal RAS goes from “1” to “0”, the 

DRAM latches the multiplexed address bits AX9 to 
AX1 therein in a known sequence. 
The multiplexed address bits AX9 to AX1 are 

switched from the outputs from the gate circuit 102 to 
those from the gate circuit 103 in response to the signal 
II, and are output as the system address bits A9 to A1. 

In order to set this address value as a column address, 
if the signal A0 (10’) is “0”, t?gnal CASL (1h) goes 
from “1” to “0”; if the signal UBE (1e) is “0”, the signal 
CASH (1g) goes from “1” to “0”, thus allowing access 
of the DRAM constituting the storage memory 307. 
With the above-mentioned control, A19 to A1 are 

directly supplied to the storage memory 307 as an ad 
dress. The correspondence between An and AXm in 
this case is as shown in B of FIG. 3. 
When A19=l and the signal DMA AK (1a) indicat 

ing the DMA cycle goes to “O”, the gate circuit 104 is 
enabled to output a row address, and the system address 
bits A16 to A8 are output to the multiplexed address bits 
AX9 to AX1. Similarly, after the signal RAS goes to 
“0”, the gate circuit 105 is enabled in place of the gate 
circuit 104, and the system address bits A7 to A1 are 
output to the multiplexed address bits AX9 to AX3. At 
this time, the content of the 2-bit counter 106 which is 
reset at the beginning of each bus cycle is output to the 
multiplexed address bits AX2 and AX1, and is initially 
set to be (0, 0). At this time, an address value obtained 
by multiplying 4 with the system address bits A19 to A1 
is supplied to the storage memory 307 as an address 
signal. 

In this state, one-shot active-low pulses are output as 
the signals CASL and CASH, thus executing access of 
addresses given by: 

{(system address)><4}+0 and +1 
Thereafter, the signal RAS is kept at “0”, and a pulse 

indicating that DMA transfer for one word is com 
pleted is output to the peripheral section as a DMA 
transfer destination by the strobe signal 1k. In response 
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8 
to the signal 1m, the counter 106 is incremented by one 
to change the multiplexed address bits AX2 and AX1 
from (0, 0) to (0, l). Thereafter, one-shot pulses are 
output as the signals CASL and CASH. 
When the above operations are repeated, DMA trans 

fer can be executed for addresses given by: 
{(system address)><4}+2 and +3 
{(system address)X4}+4 and +5 
{(system address)><4}+6 and +7 

In this case, the correspondence between the system 
address bits A16 to A1 and the row and column ad 
dresses of the storage memory 307 is as shown in C of 
FIG. 3. 

In FIG. 4 showing the timing chart of the principal 
signals in this embodiment, reference symbol ASTB 
denotes an address strobe signal indicating the begin 
ning of a system bus cycle. 
When the signal ASTB goes to “1”, the memory 

control unit 308 receives the system address bits A19 to 
A0. In this embodiment, the 512KB storage memory is 
allocated on a memory space where the system address 
bit A19 is “1”. If the system address bit A19 is “l”, the 
system address bits A18 to A10 are output to the multi 
plexed address bits AX9 to AX1 (D). 
When the signal DMA AK (b2) indicating that DMA 

transfer is performed in this bus cycle goes to “0”, the 
address to be output to the multiplexed address bits 
AX9 to AX1 is changed to the system address bits A16 
to A8. 
At the same time, in order to prolong the bus cycle, 

more than normal, an RDY signal (b3) for the DMAC 
302 is set to “1”. 

In order to cause the DRAM constituting the storage 
memory 307 to recognize the multiplexed address bits 
AX9 to AX1 as a row address, the signal m is set to 
“O”. The remaining system address bits A7 to A1 are 
output to the multiplexed address bits as a column ad 
dress, and the multiplexed address bits AX2 and AX1 
are set to be “0”. 

If this DMA transfer is performed from the en 
coder/ decoder 306 to the storage memory 307, ?rst 
one-word data is output onto the system data bus. Thus, 
the signals CASH and CASL are set to “0”, thus execut 
ing write access of addresses given by: 

{(system address)><4}+0 and +1 
Thereafter, the signals CASH and CASL are reset to 

“l”, and the multiplexed address bits AX2 and AX1 are 
incremented by l to set (0, l). 
A one-shot pulse of the SYNC signal ((1) for causing 

the encoder/decoder 306 to output the next data word 
is output. In response to the SYNC signal ((1), the next 
data word is output onto the system bus. 
When the signals CASH and CASL are set to “0” 

again, write access is performed for addresses given by: 
{(system address)><4}+2 and +3 

When the same operation is successively executed 
twice, DMA transfer of a total of four words can be 
attained. 
Note that the RDY signal (b3) is set to “0” upon 

transfer of the fourth word, thus signaling to the 
DMAC that this bus cycle can be ended. 
[Another Embodiment] 

In the above-mentioned embodiment, a high-speed 
page mode (a row address is input ?rst, and thereafter, 
only a column address is changed) as a kind of typical 
DRAM access methods is employed. 

In this mode, a range of a given column address can 
be continuously accessed at high speed. 
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When a static column mode as another DRAM ac 

cess method, is used, the signals CASH and CASL need 
not be turned on/off for every one-word transfer, and 
the same operation as described above is allowed. 

In the above embodiment, continuous transfer is lim 
ited to four words. If a nibble mode is used, the same 
operation as described above is allowed. 

In this mode, lower 2 bits of a column address are 
automatically generated by a DRAM. Thus, the 2-bit 
counter 106 shown in FIG. 2 can be omitted for the 
multiplexed address bits AX2 and AX1 shown in FIG. 
4. 

In the above embodiment, a high-speed access mode 
of the DRAM is utilized. However, if a static RAM 
(SRAM) whose access speed is sufficiently higher than 
a system bus cycle is used as the storage memory 307 of 
the above embodiment, the same effect can be obtained. 
In this case, address multiplexing like the multiplexed 
address bits AX9 to AX1 shown in FIG. 2 is not neces 
sary, and the word switching timing in a continuous 
access mode is determined by the write or read signal 
for the SRAM. 
As described above, according to this embodiment, 

address data supplied to the memory in only the DMA 
cycle is obtained by multiplying 2” with address data 
supplied from the system, and 2" words are transferred 
in one DMA cycle, thus obtaining the following effects: 

(1) a time required for transferring one word can be 
shortened; and 

(2) an occupation ratio of the system bus by DMA is 
decreased, and a processing capacity of the CPU 
can be increased. 

As a result, in the facsimile apparatus employing the 
DMA access method of this embodiment, in processing 
for encoding original read data and DMA-transferring 
it to the storage memory 307, or processing for DMA 
transferring encoded data in the storage memory 307 to 
the encoder/decoder 306 and printing it out by the 
recorder 305, even if an encoded data length in one 
main scan line is large, the time required for data trans 
fer between the storage memory 307 and the en 
coder/ decoder 306 can be shortened as compared to the 
one-line main scan time of the reader 303 and the one 
line print-out time of the recorder 305, and high-speed, 
equal-speed reading and printing operations can be 
realized. 
As described above, according to the present inven 

tion, even if an encoded data length in one main scan 
line is large, the time required for data transfer between 
the storage memory and the encoder/decoder can be 
shortened as compared to the one-line main scan time of 
the reader and the one-line print-out time of the re 
corder, and a facsimile apparatus which can perform 
ef?cient high~speed, equal-speed reading and printing 
operations can be provided. 
As many apparently widely different embodiments of 

the present invention can be made without departing 
from the spirit and scope thereof‘, it is to be understood 
that the invention is not limited to the speci?c embodi 
ments thereof except as de?ned in the appended claims. 
What is claimed is: 
1. A direct memory access method for data transfer 

between a memory and an encoder/decoder via a data 
bus, using a direct memory access (DMA) controller, 
wherein the encoder/decoder, having a buffer memory 
of plural word length, encodes image data read out by 
a reader and decodes encoded image data stored in the 
memory, said method comprising the steps of: 
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10 
causing the DMA controller to inform a central pro 

cessing unit (CPU) of a need to use the data bus in 
accordance with a DMA request signal from the 
encoder/decoder; 

causing the DMA controller to output a reference 
address in accordance with an acknowledge signal 
from the CPU which allows the DMA controller 
to use the data bus; 

generating a plurality of DMA access addresses based 
on the reference address output by an address gen 
erator other than the DMA controller; and > 

performing DMA data transmission plural times be 
tween the memory and the encoder/decoder in 
accordance with the generated plurality of DMA 
access addresses. 

2. The method according to claim 1, wherein the 
plurality of DMA access addresses are generated by 
mixing the reference address with a count value of an 
N-bit counter, and wherein the count value of the N-bit 
counter is incremented/decremented at every one word 
transfer, and a 2N word DMA transfer is performed in 
one DMA cycle, in accordance with the plurality of 
DMA access addresses. 

3. The method according to claim 1, wherein the 
reference address and a count value of a N-bit counter 
are mixed to generate the DMA access addresses. 

4. The method according to claim 3, wherein the 
count value of the N-bit counter is incremented/decre 
mented by one synchronized with each one-word trans 
fer. 

5. The method according to claim 3, wherein a num 
ber of the DMA access addresses which are generated 
from each of the reference addresses is 2N. 

6. The method according to claim 1, wherein the 
encoder/decoder outputs the DMA request signal to 
the DMA controller when data of at least 2” words is 
obtained. 

7. The method according to claim 1, wherein the 
buffer memory in the encoder/decoder stores at least 
2” words of data, and if the buffer memory has vacant 
space being able to store at least 2” words of data, the 
encoder/decoder outputs the DMA request signal to 
the DMA controller. 

8. A direct memory access (DMA) apparatus for 
performing data transfer between a memory and an 
encoder/decoder via a data bus, using a direct memory 
access (DMA) controller, wherein the encoder/de 
coder having a buffer memory of plural word length 
encodes image data read out by a reader and decodes 
encoded image data stored in the memory, said appara 
tus comprising: 
means for causing the DMA controller to inform a 

central processing unit (CPU) of a need to use the 
data bus in accordance with a DMA request signal 
from the encoder/ decoder, wherein the DMA 
controller outputs a reference address in accor 
dance with an acknowledge signal from the CPU 
which allows the DMA controller to use the bus; 

input means for inputting the reference address out 
put by said DMA controller in accordance with 
the acknowledge signal; 

generating means for generating a plurality of DMA 
access addresses based on the reference address, 
wherein said generating means is different from the 
DMA controller; and 

transfer means for performing DMA data transfer 
plural times between said memory and the en 
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coder/decoder in accordance with the plurality of 
DMA access addresses. 

9. The apparatus according to claim 8, wherein said 
generating means has a N-bit counter, and mixes a count 
value of said N-bit counter with the reference address to 
generate the DMA access addresses. 

10. The apparatus according to claim 9, wherein said 
generating means generates the DMA access addresses 
while the count value of said N-bit counter is incremen 
ted/decremented 2” times. 

11. The apparatus according to claim 9, wherein said 
generating means generates 2” DMA access addresses 
from each of the reference addresses. 

12. The apparatus according to claim 8, wherein the 
count value of said N-bit counter is incremented/decre 
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12 
mented by one synchronized with each one-word data 
transfer. 

13. The apparatus according to claim 8, wherein the 
encoder/decoder outputs the DMA request signal to 
the DMA controller when data of at least 2N words is 
obtained, and wherein the DMA controller outputs the 
reference address in accordance with the DMA request 
signal. 

14. The apparatus according to claim 8, wherein the 
buffer memory in the encoder/decoder stores at least 
2N words of data. and if the buffer memory has vacant 
space being able to store at least 2N words of data, the 
encoder/decoder outputs the DMA request signal to 
the DMA controller. 

***** 
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